Abstract Prune dwarf virus (PDV) isolates have been investigated for genetic diversity. Full-length nucleotide and amino acid sequences of viral coat protein from 23 isolates collected from different stone fruit trees (sour and sweet cherry trees, wild cherry tree, plum tree, almond tree, peach tree) and different countries (Poland, Italy, Germany, USA, Israel) were analysed and compared to 57 others available in GenBank. Comparison of all sequenced virus isolates revealed diversity of 86-100 % at nucleotide level and 79-100 % at amino acid level. The ratio of non-synonymous to synonymous polymorphic sites indicated that purifying selection dominated in case of PDV. However, six codons showed to be under strong positive selection, including the codon located inside the structure involved in RNAbinding activity.
mixed 2. cherry I 3. cherry II, and 4. almond (Ulubaş et al., 2009) . However, when phylogenetic analysis was based on amino acid sequences, the results indicated the presence of only two groups (Pallas et al., 2012) . Recent studies concerning selective pressure analysis of 36 plant RNA viruses showed that CP amino acid sequences of PDV and other non-vector borne viruses are more divergent than viruses transmitted by vectors (Chare and Holmes, 2004) , although it is still unknown which sites of PDV CP amino acid sequence are under positive selection.
Aim of this work was to compare 23 CP gene sequences of the authors' PDV isolates collections with 57 PDV sequences from GenBank database and to perform a phylogenetic analysis of PDV CP genes in order to find motifs that are characteristic for each group/subgroup. The second goal of the study was to calculate the ratio of non-synonymous and synonymous substitutions among the CP gene to determine how selective pressure shapes the amino acid sequence of the PDV population and determine which sites exactly are under positive selective pressure. The PDV isolates were collected from various geographic regions and different Prunus species (Table 1) . Dormant buds from different Prunus species infected with PDV were transferred to Prunus avium (wild cherry) clone F12/1 seedlings using the chip budding technique. To confirm the presence of the virus, each wild cherry clone F12/1 plant was tested by DAS-ELISA using a PDV commercial polyclonal antiserum (Loewe Biochemica GmbH, Germany) according to the procedure by Clark and Adams (1977) . In the following examinations, buds and leaves from wild cherry clone F12/1 collection were used as a source of the virus.
Immunocapture reverse transcription polymerase chain reaction (IC-RT-PCR) was conducted according to Malinowski (2005) . To amplify the complete sequence of the CP gene, a primer pair designed by Vaškova et al. (2000) (GTGTAGAAAGAAGAGAAG TCCGACAAG and ATCTAGAAGCAGCATTTCCA ACTACGA) was used for one step RT-PCR (One Tube RT-PCR System; Roche, Germany).
Sequences were analysed with the blastn and blastp programs (http://www.ncbi.nlm.nih.gov/BLAST). Alignments, sequence diversity, and phylogenetic tree were made using MEGA6 (Tamura et al., 2013) . The number and ratio of nonsynonymous (dN) and synonymous (dS) substitutions for each codon were estimated on the Datamonkey server (Kosakovsky and Frost, 2005) , at http://www.datamonkey.org/, using the random effects likelihood (REL) model, single likelihood ancestor counting (SLAC), and fixed effects likelihood (FEL). Only codons with evidence of selection by all three models were mentioned. Since recombination can have effects on phylogenetic analysis, concatenated sequences of the PDV CP genes were examined for recombination using the SPB (Single Breakpoint Recombination) and GARD (Genetic Algor i t h m R e c o m b i n a t i o n D e t e c t i o n ) p r o g r a m s (Kosakovsky et al., 2006) . Phylogenetic examinations were repeated using SPB and GARD trees. For SLAC and FEL, p-value was 0.1 and the REL Bayes Factor was 50.
The multiple alignment of PDV isolates revealed sequence identity among 23 studies' sequences ranging from 87-100 % at nucleotide level and 83-100 % at amino acid level. Similar ranges were obtained when sequences were compared with corresponding sequences available in GenBank. The percentage of identity among all nucleotide sequences encoding viral coat protein was from 86-100 %. Comparisons of CP amino acid sequences revealed a lower percentage of identity ranging from 79-100 %.
Coat proteins of alfamo-and ilarviruses play an important role in the initiation and propagation of infection (Bol, 1999) . One arginine located in the N thermal part of CP is fundamental in RNA-binding activity (Yusibov and Loesch-Fries, 1998 ). In the case of PDV, the crucial arginine is located at position 14 of the RNAbinding consensus sequence (Q/K/R-P/N-T-X-RS-R/Q-Q/N/S-W/F-A) (Pallas et al., 2013) .
The amino acid alignment of 80 PDV isolates revealed substitution of R 16 /Q 16 amino acids by K 16 in one sequence (GI45331567). Additional replacements were present at Q 17 /N 17 /S 17 positions; in two sequences, these amino acids were changed to R 17 (GI407908779) and G 17 , (GI56111838). In two other sequences (GI262092711, GI262092713), the position A 19 was replaced by S 19 . A phylogenetic tree of PDV CP amino acid sequences was made using the maximum likelihood method based on the JTT model (Jones et al., 1992) . The tree constructed separated all PDV isolates analysed into two clades (Supplementary material -Fig. 1 ). The first group (phylogroup I) contained all isolates from 'cherry I group' described by Ulubaş et al. (2009) . Sequence similarity within the phylogroup I was between 89-99 % at nucleotide level and 94-99 % at amino acid level. The second group (phylogroup II) included 73 of the 80 analysed isolates and contained one almond subgroup (subgroup A). Sequence similarity within the phylogroup II was between 86-100 % at nucleotide level and 79-100 % at amino acid level. There was no obvious correlation between coat protein sequence and geographic origin of the isolates confirming earlier studies (Vaškova et al., 2000; Fonseca et al., 2005; Ulubaş et al., 2009 ). Analysis of PDV CP amino acid alignment did not reveal any characteristic motifs in any of the two groups except the presence of V at position 38 and S at position 186 in the first cluster.
The CP genes of 80 PDV isolates were initially analysed for recombination using GARD and SBP methods. Although the GARD algorithm did not find recombination events in the analysed data set, the SBP algorithm revealed a recombination point at the 574 nucleotide in the CP PDV alignment using Akaike Information Criterion (AIC), with 100 % of the model average support. It is known that maximum likelihood methods of the codon substitution model used to estimate sites under positive selection may generate false positive results when recombination is not taken into account. For this reason, SBP inferred trees were used in further analysis. The results of SLAC, REL, and FEL estimations revealed that purifying selective pressure dominates in the case of PDV coat protein. All methods estimated strong signals of negative selection for 56 sites, including codons (bold) inside the Q/K/R-P/N-T-X-RS-R/Q-Q/N/S-W/F-A structure. Our result meets with the hypothesis concerning domination of the purifying selection as one of the ways to remove deleterious mutations (García-Arenal et al., 2001) . Despite domination of the purifying selective pressure, our estimations revealed that 2.73 % of codons (6, 13, 36, 48, 97, and 126) were under significant positive selection (Table 2) , including codon 13 located at position X (bold) in the Q/K/R-P/N-T-X-RS-R/Q-Q/N/S-W/F-A context. The mean dN/dS value calculated with SLAC method was 0.314 and the mean pairwise diversity was 0.114. Previous results of selective pressure analysis of PDV CP revealed a mean dN/dS of 0.227 and a mean pairwise genetic diversity of 0.032 (Chare and Holmes, 2004) . Lower values obtained by Chare and Holmes (2004) may be connected with a smaller dataset available in public databases. Despite differences between estimations, our results meet with the hypothesis that the presence of positive selection in viral populations is connected with the mode of virus transmission and coat proteins of non-vector borne viruses are more tolerant to sequence variability than CP of vector borne viruses (García-Arenal et al., 2001; Chare and Holmes, 2004) . The presence of sites with diversifying selective pressure in viral coat protein may also be connected with changes in host-plant interaction, e.g., gene silencing. Viral gene silencing suppressors may be located in the CP genes (e.g., citrus tristeza closterovirus). An analysis of selective pressure among genes from 17 ssRNA plant viruses revealed dN/dS ratios for silencing suppressors, suggesting that diversifying selection may be a viral respones to plant defense (Obbard et al., 2009 ).
